Introduction {#S0001}
============

Globally, in 2015, an estimated 257 million people, corresponding to 3.5% of the population, were living with chronic Hepatitis B Virus (HBV) infection.^[1](#CIT0001)^

Left untreated, HBV infection can lead to cirrhosis and hepatocellular carcinoma, which are accountable for about 1 million deaths annually. Safe and effective vaccines have been available since the early 1980s, enabling the prevention of HBV infection and any serious complications from it.^[2](#CIT0002)^

For this reason, in 1991, the Global Advisory Group to the World Health Organization (WHO) recommended that all countries integrate hepatitis B vaccine into their national immunization programmes by 1997.^[3](#CIT0003),[4](#CIT0004)^

Italy was one of the first countries to introduce in 1991 the mandatory universal vaccination against HBV for all newborns and 12-year-old adolescents, with the aim to create 24 generations of immune subjects within the first 12 years of vaccination implementation. In 2004, vaccination of adolescents was stopped, while that of infants was maintained. As a result of the universal vaccination implementation, a significant reduction of new hepatitis B infections has been reported in Italy.^[5](#CIT0005),[6](#CIT0006)^

This explains why in Italy virtually all people who are still susceptible or are infected with HBV today are people who were older than 12 years when the hepatitis B vaccine was routinely introduced. Although universal vaccination has dramatically reduced the burden of disease, HBV infection remains an issue for high-risk subjects, such as healthcare workers (HCWs), due to their occupational exposure to blood and body fluids.^[7](#CIT0007)^

Vaccination represents the core strategy for HBV infection prevention among HCWs, recommended by the Centers for Disease Control and Prevention (CDC) and WHO.^[8](#CIT0008),[9](#CIT0009)^ In addition to universal vaccination, the Italian policy also includes a screening of HCWs before employment, done by measuring the serum antibodies against HBsAg (anti-HBs) in order to check the presence of seroprotection.^[10](#CIT0010),[11](#CIT0011)^

In subjects with an anti-HBs negative result (\<10 mIU/mL), a vaccine challenge dose followed after 1 month by further testing, makes it possible to understand if immunological memory is present (in which case a clear anti-HBs response is detected).If the test is still negative, up to two additional doses of vaccine are administered with the aim of achieving a protective immunological response.^[12](#CIT0012)-[15](#CIT0015)^

We collected data obtained during the occupational medicine visits of the HCWs and students of health disciplines attending the Careggi Teaching Hospital, (the biggest hospital in the Tuscany Region, with 3.5 million inhabitants) in Florence, Italy. Following our previous publication on this topic, which included only partial data^[16](#CIT0016)^ we aimed to assess the effectiveness of booster vaccine doses in eliciting the immunological response in subjects with anti-HBs non-protective levels (\<10 mIU/mL) despite the primary vaccination course received in infancy or adolescence.

Materials and methods {#S0002}
=====================

Between January 2015 and August 2017 a study including all students of health disciplines and HCWs attending or employed at the Careggi Teaching Hospital (a tertiary adult care center in Italy) was performed. Subjects undergoing preventive visits and periodic controls performed at the Occupational Medicine Service were tested for anti-HBs antibodies as required by the national law.^[17](#CIT0017)^

Participants were born in Italy between 1 January 1980 and 31 December 1998, and all of them were fully vaccinated during infancy or adolescence. Previous vaccination against HBV was verified in 82.3% of subjects by checking the immunization records provided by participants or the electronic vaccination registry, while in the remaining 17.7% cases, we have relied on the self-reporting. Age and sex were also recorded.

The ADVIA Centaur\_ assay, an antibody-capture microparticle direct chemiluminometric immunoassay, was used to measure the amount of anti- HBs in human serum and plasma. The criteria provided by the producer were applied for the qualitative evaluation of antibodies and antigen detection, according to the specific instruction manual.

Based on anti-HBs concentrations after the primary vaccination series, we identified three categories of subjects in accordance with current International Standards: with anti-HBs ≥101 mIU/ml, people who were considered "good-responders" to the vaccine (given the still high level of the antibody titer after many years since the primary vaccination series)^[9](#CIT0009),[18](#CIT0018)^with anti-HBs ≥10 mIU/mL, people who were considered protected against HBV infection (since this value is connected with the existence of immunological memory, especially long after vaccination);with anti-HBs \<10 mlU/mL, people who were classified as subjects to be further investigated to understand if they are protected against HBV or not.

In subjects with anti-HBs concentrations \<10 mIU/ml, a challenge dose of vaccine was administered and the serological test was performed at 1 month. If an immunological response was obtained (anti-HBs titers ≥10 mIU/ml), no further action was implemented. Conversely, in subjects with persistently negative anti-HBs, the completion of the second vaccination course with two further doses (one immediately and one after four-six months) was proposed in order to try to induce immunological memory in subjects with a primary vaccination failure.^[12](#CIT0012)^--^[14](#CIT0014)^

[Figure 1](#F0001) shows the flow chart of the study based on this protocol.10.1080/21645515.2019.1680082-F0001Figure 1.Flow-chart of the study.

Finally, subjects were classified into two groups based on age at the time of the primary vaccination course: in Group 1 (subjects born between 1980 and 1991) vaccination was performed at 12 years of age, and in Group 2 (born between 1991 and 1998) in the first year of life.

Compulsory vaccination against HBV was implemented in Italy since October 1991; because of which subjects born in 1991 represent a mixed population with regard to the age of administration of vaccination; we assigned those individuals to either vaccination cohort, according to the age in which primary immunization was actually performed.

The descriptive analysis of results was performed using IBM SPSS Statistics for Windows, Version 23.0 (Armonk, NY: IBM Corp.). The association between binary variables was evaluated using the simple logistic regression model. The research was carried out in compliance with the Helsinki Declaration.

Results {#S0003}
=======

We have analyzed 795 subjects (512 females and 283 males) with negative anti-HBs titer (\<10 mIU/mL), who had received the primary vaccination course (three doses) during infancy or adolescence, and had accepted the administration of a fourth dose of vaccine.

Of them, 146 (18.4%) were vaccinated at 12 years of age (Group 1), and 649 (81,6%) in the first year of life (Group 2). The average intervals between primary vaccination and anti-HBs titers check were: 16.6 years (minimum 12, maximum 25 years) in Group 1 and 20.3 years (minimum 16, maximum 25 years) in Group 2, respectively.

The measurement of the antibody response 1 month after the fourth dose of the vaccine showed that 97 subjects (12.2%) still had anti-HBs titer \<10 mIU/mL, 157 (19.7%) between 10 and 100 mIU/mL and 541 (68.1%) had ≥101 mIU/mL ([Table 1](#T0001)).10.1080/21645515.2019.1680082-T0001Table 1.Distribution of subjects based on anti-HBs titer after 1 month from the fourth dose of vaccine. Group 1 = vaccinated at 12 years of age; Group 2 = vaccinated in the first year of life.   Anti-HBs titer (mIU/mL) n. of subjects (%) after the fourth dose of vaccineGroupYear of birthN. of subjects\<1010-100≥ 101≥ 10119802**0**1 (50.0)1 (50.0)**2 (100.0)**19812**2 (100.0)**00**0**19823**1 (33.3)**02 (66.7)**2 (66.7)**19837**0**1 (14.3)6 (85.7)**7 (100.0)**19849**2 (22.2)**07 (77.8)**7 (77.8)**19857**2 (28.6)**2 (28.6)3 (42.9)**5 (71.4)**198616**2 (12.5)**4 (25.0)10 (62.5)**14 (87.5)**198710**1 (10.0)**4 (40.0)5 (50.0)**9 (90.0)**198812**1 (8.3)**3 (25.0)8 (66.7)**11 (91.7)**198913**3 (23.1)**1 (7.7)9 (69.2)**10 (76.9)**199030**8 (26.7)**9 (30.0)13 (43.3)**22 (73.3)** 199135**1 (2.9)**8 (22.9)26 (74.3)**34 (97.1)Total1980--199114623 (15.8)33 (22.6)90 (61.6)123 (84.2)**219916**0**06 (100.0)**6 (100.0)**199260**11 (18.3)**11 (18.3)38 (63.3)**49 (81.7)**199390**5 (5.6)**23 (25.6)62 (68.9)**85 (94.4)**1994171**18 (10.5)**41 (24.0)112 (65.5)**153 (89.5)**1995144**24 (16.7)**19 (13.2)101 (70.1)**120 (83.3)**199679**10 (12.7)**17 (21.5)52 (65.8)**69 (87.3)** 199761**5 (8.2)**8 (13.1)48 (78.7)**56 (91.8)** 199838**1 (2.6)**5 (13.2)32 (84.2)**37 (97.4)Total1991--199864974 (11.4)124 (19.1)451 (69.5)575 (88.6)TOTAL1980--199879597 (12.2)157 (19.7)541 (68.1)698 (87.8)**

In particular, in Group 1 (vaccinated at 12 years of age) 15.8% (n. 23) of subjects still had anti-HBs titer \<10 mIU/mL, 22.6% (n.33) between 10 and 100 mIU/mL and 61.6% (n.90) had ≥101 mIU/mL. In Group 2 (vaccinated in the first year of life), 11.4% (n.74) had anti-HBs titer \<10 mIU/mL, 19.1%(n.124) between 10 and 100 mIU/mL and 69.5% (n.451) ≥101 mIU/mL ([Figure 2](#F0002)). We analyzed the relation between the titer of anti-HBs \<10 mIU/mL after the fourth dose of vaccine, and the age at the time of the first vaccination course. Although the proportion of subjects with anti-HBs\<10 mIU/mL was higher in Group 1 than in Group 2, no significant difference was found (Chi-square = 2.11; *p* \> .05; 95% CI 0.88--2.41).10.1080/21645515.2019.1680082-F0002Figure 2.Proportion of subjects with anti-HBs \< 10 mUI/mL, between 10 and 100 mUI/mL and ≥ 101 mUI/mL after the fourth dose of vaccine, broken down by group (Group 1 vaccinated at 12 years of age; Group 2 vaccinated in the first year of life).

We also evaluated the possible role of sex in the responsiveness to a booster dose of vaccine. [Figure 3](#F0003) shows that 15.9% (n.45) of males still had anti-HBs titer \<10 mIU/mL 1 month from the fourth dose of vaccine versus 10.2% (n.52) of females (Chi-square = 5.62; *p* \< .05; 95% CI 0.39--0.92).10.1080/21645515.2019.1680082-F0003Figure 3.Proportion of subjects with anti-HBs \<10 mUI/mL and ≥ 10 mUI/mL after the fourth dose of vaccine, broken down by sex.

In order to obtain seroconversion in subjects who still tested anti-HBs\<10 after the fourth dose of vaccine, the completion of the second vaccination course was offered to 97 subjects with persistently negative anti-HBs titer. Only 42 of them (43.3%) accepted the fifth dose of vaccine. An anti-HBs titer check 1 month later showed that 76.2% (n. 32) of those receiving the fifth dose seroconverted, while the remaining 23.8% (n.10) still had no immunological response. The sixth dose was accepted by very few subjects (n.5); three of them had seroconverted one month later, while two did not reach an anti-HBs titer≥10 mIU/mL despite the completion of the second course of hepatitis B vaccination.

Discussion {#S0004}
==========

In a recent document of the US Centers for Disease Control and Prevention, serological testing for immunity after routine vaccination is not recommended in universal infant and adolescent hepatitis B vaccination programs given the high protection obtained and the negative cost-effectiveness profile of such practice. This is also true for other countries like Italy.

Conversely, in specific categories at high risk of HBV infection, such as HCWs, testing for anti-HBs after vaccination is advised.^[19](#CIT0019)^ This approach allows us to assess the acquisition of immunity to HBV after primary vaccination; indeed, while subjects with anti-HBs levels ≥10 mIU/mL after the primary vaccine series are considered protected and do not necessitate other action, those with anti-HBs \<10 mIU/mL require further investigation. In these latter cases, the administration of a challenge dose of vaccine and the serological check at 1 month, allows us to discriminate between the decline of antibody levels occurring after effective immunization, and a failure to respond to the initial vaccination course. In the first case, anti-HBs reaches levels ≥10 mIU/mL after the booster, and subjects are considered protected; while in the second case, anti-HBs titer remains less than 10 mIU/mL, and it is necessary to complete the second vaccination course with two further doses in order to try to obtain an effective response and thus the immunological memory.^[12](#CIT0012)^--^[14](#CIT0014)^

Subjects who still test negative for anti-HBs after two complete series of vaccine are regarded as non-responders and should be counseled about precautions to prevent HBV infection and the necessity of prophylaxis in case of exposure to a source patient who is HBsAg-positive or has an unknown HBsAg status.^[20](#CIT0020)^ The present study integrates data that we have recently presented on long-term immunological memory after the vaccination against HBV.^[16](#CIT0016)^ In this previous publication, we presented 330 HCWs and students of the health sector with non-protective antibody titers (anti-HBs \<10 mlU/mL) after the primary vaccination course, who received a challenge dose of vaccine in order to elicit an anamnestic response. The measurement of the antibody levels 1 month after this further dose showed that 11.2% (n.37) still had anti-HBs titer \<10 mIU/mL and they were regarded as primary vaccination failures; a significantly higher proportion of them were vaccinated during adolescence (*p* \< .001).

In this paper, we analyze the response to challenge doses of vaccine in a larger group of HCWs and students (n. 795) who were anti-HBs negative after the primary vaccination course received in infancy or adolescence. Similar to the data presented previously, the measurement of the antibody response at 1 month showed that the 87.8% of subjects (n.698) responded to the challenge showing an anti-HBs titer \>10 mIU/mL, confirming that in most cases there was an initial protective immunological response, and that the immune memory remains intact for at least 25 years after the primary vaccination series. However, we cannot rule out the possibility that some subjects who responded to the fourth dose were originally non-responder to the three -dose basic immunization course, and that the fourth dose was instrumental in eliciting an anti-HBs titer \>10 and, thus, immunological memory.

Moreover, as shown in our study mentioned above, the proportion of subjects with negative anti-HBs titer after the booster (overall 12.2%) was higher in subjects immunized during adolescence (15.8%) rather than those vaccinated in infancy (11.4%), but in this larger sample, the difference was not statistically significant.

Data reported in literature about the ability of a challenge dose to elicit an anamnestic response in subjects found to have anti-HBs levels \<10 mIU/mL many years after the primary vaccination shows a wide range (60--97%).^[20](#CIT0020)^ Wang et al.^[21](#CIT0021)^ analyzed 103 adolescents with anti-HBs \<10 mIU/ml who received a primary series of hepatitis B vaccination as infants: after a booster dose they achieved the threshold of ≥10 mIU/mL of anti-HBs in 84% subjects.

A lower failure to respond to a challenge dose of vaccine is reported in the study by Bagheri-Jamebozorgi et al.^[22](#CIT0022)^ where a booster dose in individuals vaccinated in infancy induced an anamnestic response in 97.1% of cases.

Similarly, the study by Dini et al.^[23](#CIT0023)^ describes the lack of antibody response after the challenge in about 5% of cases; furthermore, no difference was found between subjects vaccinated in infancy and those vaccinated in adolescence in terms of probability of anamnestic response.

Likewise, Zanetti et al.^[24](#CIT0024),[25](#CIT0025)^ report an anamnestic response in more than 95% of subjects, but in this case, individuals with anti-HBs titer \<10 mIU/mL are predominantly those vaccinated in infancy (36%) rather than those vaccinated at adolescent age (11%). The higher proportion of subjects who tested negative among those vaccinated as infants in some studies compared to others might partly be explained by a higher proportion of individuals immunized with the *Hexavac* hexavalent vaccine, which was withdrawn in 2005 due to a progressive decrease of potency of the hepatitis B component.

In the scientific literature, many factors (e.g. male sex, smoking, obesity, chronic medical conditions, immune suppression, etc.) were found to be associated with a lower immunological response to the vaccine against HBV.^[14](#CIT0014),[26](#CIT0026),[27](#CIT0027)^ We evaluated the possible role of gender: after the challenge dose of vaccine, males more often had anti-HBs titer \<10 mIU/mL compared with females (15.9% vs 10.2%; *p* \< .05). Unfortunately, we were unable to provide information about other factors that potentially influence the immunogenicity of the vaccine, since they are not routinely recorded on the Occupational Medicine Service data-base.

In our previous publication, we reported only four people who accepted the fifth vaccine dose.^[16](#CIT0016)^ This extension of the study allows us to present a larger number of subjects who continued the proposed second vaccination course, thus adding relevant information on the foreseeable gain of each additional dose to overcome the non-responder status: in particular, 42 subjects who were still seronegative after the challenge dose (fourth dose after the basic vaccination course), accepted the fifth dose. The anti-HBs titer check at 1 month showed that 76.2% of them responded, implying that insistence in administering further doses after the fourth is of crucial importance to overcome the non-responder status in high-risk subjects like HCWs. Unfortunately, the sixth dose was accepted by very few subjects (n.5); however, three of them reached an anti-HBs titer ≥10 mIU/mL. Although no definitive conclusion can be drawn regarding the percentage gain of the sixth dose in fifth dose--non responders due to the very low numbers, if we assume that 60% is the average gain, and apply the other average response rates after the fourth and fifth doses, it would be possible to forecast a theoretical chance of obtaining protective immunity to HBV in 98.8% of those testing negative at the initial anti-HBs check, who accepted three additional doses. All this shows the importance of conveying a strong message to negative students and HCWs at the initial anti-HBs dosage: accepting all three proposed additional doses of HB vaccine in case they repeatedly test negative after the fourth and even the fifth dose, allows the vast majority of them to obtain protection against hepatitis B, which remains one of the major occupational hazards for those working in the healthcare sector.

Contrary to this evidence and consistent with previously reported data, the adherence to revaccination among HCWs and students is poor (only 43.3% and 50% of them accepted the fourth and fifth dose of vaccine, respectively). Our study does not aim to investigate the reasons for this low adhesion to the second full vaccination course. In the last years, many articles were published about vaccination barriers in HCWs, and the main concerns detected were a misperception of risk and doubts about the effectiveness and safety of vaccine.^[28](#CIT0028)--[31](#CIT0031)^ To face this issue, in collaboration with the Occupational Medicine Service of the Careggi Hospital, we are planning some actions, in addition to the counseling currently performed, to promote the re-vaccination against HBV in non-seroprotected HCWs and students, such as the distribution of pamphlets and poster publishing. This additional communication strategy aims to improve the awareness among HCWs; in fact, educational interventions to overcome misconceptions and mistrust about vaccinations are described as essential determinants of HCWs attitude toward vaccination.^[32](#CIT0032)^ In the future, we will evaluate how much these interventions will have been effective.

Limitations of the study: The main limitations of the study are described below.

As mentioned in the methods section, previous vaccination against HBV in enrolled subjects was verified mainly by checking the immunization records provided by participants or the electronic vaccination registry. In 17.7% of the studied subjects, no such documentation was available, and we have relied on the self-reporting; this aspect could lead to recall bias. However self-reporting for the same vaccinations (including influenza, pneumococcal polysaccharide, hepatitis A, hepatitis B, and Human Papilloma Virus) among adults has shown to be sensitive and specific.^[33](#CIT0033)^

Another limitation is related to the fact that no information was collected about specific conditions and behaviors of participants involved in reducing the immunogenicity of HBV vaccine over time (e.g. tabagism, obesity, chronic liver or renal diseases, diabetes mellitus or human immunodeficiency virus infection).^[34](#CIT0034)^

Finally, we identify as a limitation the fact that HBV serological tests to detect natural infections (i.e. total anti-HBc) were not performed among the study population. For vaccinated subjects who have received HBV vaccine series during infancy or adolescence, the subsequent documentation of an anti-HBs ≥10 mIU/mL is not required by the Italian national vaccination program; we, therefore, cannot exclude the possibility of acquisition of the HBV infection in non-responders to the basic vaccination course. Few studies reported that some cases of acute hepatitis B and chronic HBV infection can be expected in unvaccinated persons and among vaccine non-responders.^[20](#CIT0020)^ It is also true that in Italy the incidence rate of hepatitis B has progressively dropped over the last 30 years, reducing the risk of infection acquisition (in 2016 the incidence was 0.6 per 100,000 inhabitants according to the data monitored by the Italian National surveillance system).^[35](#CIT0035)^

In summary, since the data presented in this paper are very reassuring about the possibility to finally elicit immunological memory, strong communication efforts should be pursued to convince all seronegative negative students and HCWs about the importance of accepting the vaccination with the second full immunization course.

Acknowledgments
===============

We thank Marco Postiglione for his contribution to the linguistic revision.

Disclosure of potential conflicts of interest {#S0005}
=============================================

No potential conflicts of interest were disclosed
